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© The present invention is directed to a fluorescence polarization assay for phencyclidine and phencyclidine 
denvatives, to the various components needed for preparing and carrying out such an assay, and to methods of 
making these components. Specifically, tracers, immunogens and antibodies are disclosed, as well as methods 
for making them, and a reagent kit containing them. The tracers and the immunogens are made from substituted 
phencyclidine compounds. A fluorescein moiety is included in the tracer, while a poly(amino acid) forms a part 
of the immunogen. The assay is conducted by measuring the degree of polarization retention of plane polarized 
light that has been passed through a sample containing antiserum and tracer. 
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BACKGROUND OF THE INVENTION 
Technical Field 

s The present invention relates to a method and reagents for performing a fluorescence polarization 
immunoassay (FP1A) to determine the presence or amount of phencyclidine and phencyclidine metabolites 
in samples, especially fluid biological samples such as urine, serum or plasma, to a method of making the 
reagents, and to an assay kit containing the reagents. The invention relates particularly to (1) reagents 
(tracers and antibodies, and an assay kit containing the tracers and antibodies) for determining the 

10 presence or amount of phencyclidine and phencyclidine metabolites in a sample; (2) immunogen com- 
pounds used to raise monoclonal or polyclonal antibodies; (3) synthetic methods for making the tracer and 
immunogen compounds; and (4) analytical methods for conducting the assay. 

Background Art 

1$ 

Phencyclidine is a. synthetic drug with potent analgesic and anesthetic properties. This drug has been 
shown to produce serious and prolonged post-anesthetic confusion and delirium. Its tendency to produce 
hallucinations, euphoria, distortions in perceptions, and feelings of dissociation have lead to illicit use and 
abuse. Recurring abuse has intensified efforts to prevent its manufacture and distribution. Consistent with 
20 these efforts, there exists a need for detection methods which are rapid, reliable and selective for 
phencyclidine and phencyclidine metabolites. 

Phencyclidine is metabolized into two major metabolites. 4-phenyi-4-piperidinocyclohexanol and 1-(1- 
phenyicyclohexylM-hydroxypiperidine, each of which is excreted mostly in the urine along with the 
corresponding glucuronide conjugates. Detection of either phencyclidine- or phencyclidine metabolites 
25 indicates phencyclidine use. 

The biological fluid most frequently tested is urine. Urine samples are non-invasive of the body, and are 
generally more accessible than blood samples. However, testing of other biological materials is also 
possible. 

In the past, urine samples have been tested for the presence of phencyclidine and phencyclidine 
30 metabolites by thin layer chromatography (TLC), gas chromatography (GC) or high performance liquid 
chromatography (HPLC) assays. A significant disadvantage of each of these methods is that the assay time 
involved in these methods is typically lengthy. 

In assays for phencyclidine, phencyclidine metabolites, and other substances, competitive binding 
immunoassays have provided a more satisfactory alternative. Typically, competitive binding immunoassays 
35 are used for measuring ligands in a test sample. (For purposes of this disclosure, a "ligand" is a substance 
of biologicai interest to be quantitatively determined by a competitive binding immunoassay technique). The 
ligands compete with a labeled reagent (a "ligand analog" or "tracer") for a limited number of ligand 
binding sites on antibodies specific to the ligand and ligand analog. The concentration of ligand in the 
sample determines the amount of ligand analog which binds to the antibody, and the amount of ligand 
40 analog that will bind to the antibody is inversely proportional to the concentration of ligand in the sample, 
because the ligand and the ligand analog each bind to the antibody in proportion to their respective 
concentrations. 

FPIA techniques provide a quantitative means for measuring the amount of tracer-antibody conjugate 
produced in a competitive binding immunoassay. Such procedures are based on the principle that a 

45 fluorescent labeled compound, when excited by plane polarized light will emit fluorescence having a 
degree of polarization inversely related to its rate of rotation. Accordingly, when a tracer-antibody conjugate 
having a fluorescent label is excited with plane polarized light, the emitted light remains highly polarized 
because the fluorophore is constrained from rotating between the time that light is absorbed and emitted. In 
contrast, when an unbound tracer is excited by plane polarized light, its rotation is much faster than the 

so corresponding tracer-antibody conjugate and the molecules become more randomly oriented. As a result, 
the light emitted from the. unbound tracer molecules is depolarized. 

A problem that heretofore has prevented the accurate determination of phencyclidine and other "drugs 
of abuse" in urine by FPIA techniques is that of riboflavin interference. Riboflavin, or vitamin B 2 . is a 
common constituent of many foods and of commercially available vitamin supplements. Riboflavin is 

55 excreted primarily in the urine and has a fluorescence spectrum quite similar to that of fluorescein. As a 
result, the presence of riboflavin in even moderate amounts in urine samples creates an interference which 
can produc erroneous data. While ordinary consumption of riboflavin is unlikely to produce more than 
trace amounts of riboflavin in the urine, test results can readily be distorted by the consumption of 
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excessive quantities of vitamin supplements by persons wishing to prevent detection of phencyclidine. 

The present invention offers an advance in the art in that tracers, a method for making the tracers, and 
an assay using the tracers and monoclonal or polyclonal antibodies are provided specifically for the 
determination of phencyclidines and phencyclidine metabolites without riboflavin interference. 

SUMMARY OF THE INVENTION 

The present invention is directed to a fluorescence polarization- immunoassay for phencyclidine and 
phencyclidine metabolites; to tracers, immunogens and antibodies; to a reagent kit containing tracers and 
antibodies for use in the assay; and to methods for making the tracers, immunogens and antibodies. 

A first aspect of the invention relates to the discovery of unique tracers and immunogens having novel 
structures. According to the first aspect of the invention, the tracers and the immunogens can both be 
represented by each of the structural formulas shown in Figures 5 and 20 wherein: 

W is CH or N; 

R is a linking group including up to 4 heteroatoms, and having a total of from 0 to 8 carbon atoms and 
heteroatoms, arranged in a straight or branched chain, and containing up to one aliphatic or aromatic ring 
structure, said heteroatoms being O, N, S, P or F; 

Z is NH, CO, CNH, or OCO; 

n is 0 or 1 when W is N and n is 1 when W is CH; and 

Q is a poly(amino acid), a poly(amino acid) derivative, fluorescein or a fluorescein derivative. 

When Q is a poly(amino acid) or a derivative thereof, the compound can be used as an immunogen. 
When Q is fluorescein or a derivative thereof, the compound can be used as a tracer. 

A second aspect of the invention relates to monoclonal or polyclonal, preferably monoclonal, antibodies 
raised against the novel immunogens of the invention. According to the second aspect of the invention, 
monoclonal or polyclonal antibodies are prepared in response to a compound according to one of the 
aforementioned structural formulas (Figures 5 or 20), when Q is a poly(amino acid) or a derivative thereof. 

According to a third aspect of the invention, an immunogen is made, by a method comprising the step 
of coupling a compound represented by either of the structural formulas shown in Figures 3 or 21 wherein- 

WisCHorN; . ' 

R is a linking group including up to 4 heteratoms, and having a total of from 0 to 8 carbon atoms and 
heteroatoms, arranged in a straight or branched chain, and containing up to one aliphatic or aromatic ring 
structure, said heteroatoms being 0, N, S, P or F; 

Z is NH 2 , COOH, CN, CHO or OH; and 

n is 0 or 1 when W is N and n is 1 when W is CH; with a poly(amino acid) or a derivative of a poly- 
(amino acid). 

According to a fourth aspect of the invention, a method is provided for making a tracer by coupling a 
compound represented by either of the structural formulas shown in Rgures 2 or 21 wherein- 
WisCHorN; 

R is a linking group including up to 4 heteroatoms, and having a total of from 0 to 8 carbon atoms and 
heteroatoms, arranged in a straight or branched chain, and containing up to one aliphatic or aromatic ring 
structure, said heteroatoms being 0, N, S, P or F; 

Z is NH 2 , COOH, CN, CHO or OH; and - 

n is 0 or 1 when W is N and n is 1 when W is CH; with fluorescein or a derivative of fluorescein. 

A fifth aspect of the invention relates to the elimination of potential fluorescence interference by 
riboflavin. Riboflavin binding protein (RBP) is added either directly to each sample, or to one or more of the 
reagents utilized in the assay, wherein it binds all riboflavin which may be present in the sample into RBP- 
riboflavin complexes, thus eliminating fluorescence interference. Other fluorescence-quenching substances 
may also be utilized for this purpose. 

According to a sixth aspect of the invention, a process for detecting or measuring the concentration of 
phencyclidine and phencyclidine metabolites is provided. A sample is contacted with a phencyclidine 
derivative antiserum, and with a fluorescein-containing phencyclidine derivative capable of producing a 
detectable fluorescence polarization response to the presence of the phencyclidine derivativ antiserum. 
Plane polarized light is then passed through the solution to obtain a fluorescence polarization response, and 
this response is detected as a measure of the amount of phencyclidine and phencyclidine metabolite in the 
sample. 

A seventh aspect of the present invention relates to a stabilized reagent kit which is useful for 
determining the presence or amount of phencyclidine and phencyclidine metabolites in a sample. The 
reagent kit contains novel tracers, and salts thereof, which ar useful as reagents in the novel method of th 
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present invention. Other components of the reagent kit include: (1) a solution containing an amount of 
riboflavin binding protein which is effective to reduce fluorescence interference by riboflavin; (2) a 
monoclonal or polyclonal antibody reagent which has been raised against an immunogen which is capable 
of specifically recognizing and binding phencyclidine and phencyclidine metabolites and the novel tracer 
s reagents of the present invention; and (3) a wash solution containing a sufficient amount of dimethylfor- 
mamide and a sufficient amount of butanol to wash the probe of an automated or semiautomated instrument 
used to conduct the assay, with the result that carryover of phencyclidine from one sample to the next 
sample is reduced. 

Further objects and attendant advantages of the invention will be best Understood from a reading of the 
10 Detailed Description of the Invention taken together with the Examples and appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the Figures contained in the drawings, the symbol "FT represents fluorescein or a fluorescein 
is derivative and the various other symbols are defined in the Detailed Description of the Invention. 
Figure 1 shows the structure of phencyclidine. 

Figure 2 shows a class of reactants for a method of making a tracer in accordance with the present 
invention. 

Figure 3 shows a class of reactants for a method of making an immunogen in accordance with the 
20 present invention. 

Figure 4 shows the alternate structural formula and names of the fluorescein moiety included in the 
tracers of the present invention. / 

Figure 5 shows a general structural formula for the tracers and the immunogens of the present 
invention. 

25 Rgure 6 shows a general structural formula for the immunogens of the present invention. 

Figure 7 shows a general structural formula for the tracers of the present invention. 

Figure 8 shows a structural formula for preferred immunogens of the present invention. 

Figure 9 shows a structural formula for preferred tracers of the present invention. 

Figure 10 shows a precursor for the immunogens shown in Figures 6 and 8 and for the tracers shown in 
30 Figures 7 and 9. 

Figure 1 1 shows various linkages that couple the fluorescein moiety to the precursor at the Z position in 
Rgure 10 t when Figure 10 represents a precursor for the tracers shown in Figures 7 and 9. 

Figures 12 through 16 show various examples of structures of tracers in accordance with the present 
invention. 

35 m Figures 17 through 19 show various examples of structures of hapten reactants used to form the 
immunogens of the present invention. 

Figure 20 shows another general structural formula for the tracers and the immunogens of the present 
invention. 

Figure 21 shows a precursor for the immunogens and tracers of the present invention. 
40 Rgure 22 shows a structural formula for the most preferred immunogens of the present invention. 
Rgure 23 shows the structure of the most preferred immunogen of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

45 The various aspects of the invention will now be discussed in relation to the Rgures and/or the 
Examples. 

The present invention involves the use of fluorescein and derivatives of fluorescein. In particular, a 
necessary property of fluorescein and its derivatives for the usefulness of the tracer compounds of the 
present invention is the fluorescence of fluorescein. Fluorescein exists in two tautomeric forms, illustrated in 

so Figure 4, depending on the acid concentration (pH) of the environment In the open (acid form), there are a 
number of conjugated double bonds which make that form of fluorescein (and compounds containing a 
fluorescein moiety) capable of absorbing blue light and emitting green fluorescence after an excited state 
lifetime of about 4 nanoseconds. When the open and closed forms coexist, the relative concentration of 
molecules in th op n and closed forms is easily altered by adjustment of the pH level. Generally, the 

55 tracer compounds of the present invention exist in solution as biologically acceptable salts such as sodium, 
potassium, ammonium and the like, which allows th compounds to exist in the open, fluorescent form, 
when employed in the analytical methods of the pres nt invention. The specific salt present will depend on 
the buffer employed to adjust the pH level. For example, in the presence of a sodium phosphate buffer, the 
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compounds of the present invention will generally exist in the open form, as a sodium salt. 

As used herein, the term "fluorescein, " either as an individual compound or as a component of a larger 
compound, is meant to include both the open and closed forms, if they exist for a particular molecule, 
except in the context of fluorescence. An open form is necessary for the fluorescence to occur. 

The numbering of carbon atoms of the fluorescein molecule varies, depending upon whether the open 
or closed form of the molecule is considered. Accordingly, the literature concerning fluorescein and its 
compounds is not uniform as to carbon atom numbering. In the closed form, the para-carbon to the 
carbonyl of the lactone on the phenyl ring is numbered 6 (this is sometimes denominated "isomer II"). In 
the open form, the para-carbon to the carboxylic acid group on the phenyl ring is numbered 5 (this is 
sometimes denominated "isomer l n ). Figure 4 illustrates these isomers. For the purpose of this disclosure, 
the numbering of the closed form is adopted because the raw materials used in the syntheses are most 
popularly numbered with that system. The carbon atom of fluorescein and its compounds which is opposite 
the carboxyl group is therefore numbered "6" for the purposes of the present disclosure. 

A tracer which is not complexed to an antibody is free to rotate in less than the time required for 
absorption' and re-emission of fluorescent light. As a result, the re-emitted light is relatively randomly 
oriented so that the fluorescence polarization of a tracer not complexed to an antibody is low, approaching 
zero. Upon complexing with a specific antibody, the tracer-antibody complex thus formed assumes the 
rotation of the antibody molecule which is slower than that of the relatively smaller tracer molecule, thereby 
increasing the polarization observed. Therefore, when a ligand competes with the tracer for antibody sites, 
the observed polarization of fluorescence of the tracer-antibody complex becomes a value somewhere 
between that of the tracer and tracer-antibody complex. If a sample contains a high concentration of the 
ligand, the observed polarization value is closer to that of the free tracer, i.e., low. If the test sample 
contains a low concentration of the ligand, the polarization value is closer to that of the bound tracer, i.e., 
high. By sequentially exciting the reaction mixture of an immunoassay with vertically and then horizontally 
polarized light and analyzing only the vertical component of the emitted light, the polarization of fluores- 
cence in the reaction mixture may be accurately determined. The precise relationship between polarization 
and concentration of the ligand to be determined is established by measuring the polarization values of 
calibrators with known concentrations. The concentration of the ligand can be extrapolated from a standard 
curve prepared in this manner. 

The particular tracers, immunogens and antibodies formed in accordance with this invention have been 
found to produce surprisingly good assays, as will be demonstrated later in this disclosure. 

The Reagents and Reagent Kit 

Both the immunogens and the tracers of the present invention are represented by the general structural 
formulas described in the Summary of the Invention, and illustrated in Rgures 5 and 20. When Q is a poly- 
(amino acid), the structure represents the immunogen; when Q is a fluorescein derivative, the structure 
represents the tracer. 

An objective of the assay of the present invention is to have competition between phencyclidine and 
phencyclidine metabolites and the tracer for the recognition sites of the antibody. Great variations in the 
structure of the haptens and tracers are allowed in achieving this goal. For the purposes of this invention, 
"haptens" are precursors of the immunogens, comprising generally a substituted phencyclidine derivative 
and a linking group to the poly(amino acid) carrier. 

The Structure of the Immunogens 



Usable monoclonal or polyclonal antibodies can be produced from a variety of phencyclidine deriva- 
tives. Such antibodies are useful in a phencyclidine and phencyclidine metabolites assay according to the 
invention when combined with the appropriate tracer. 

The immunogens of the present invention also have the general structural formulas shown in Rgures 6, 
8 and 22. In the preferred form of the invention, the immunogens have the structural formula shown in 
Figure 22. The structure of the most preferred immunogen is shown in Rgure 23. 

Although thyroglobulin is the poly(amino acid) employed in the most preferred form of the immunogen 
of the present invention, it should be understood that various protein carriers may be employed, including 
albumins, serum proteins, e.g., globulins, ocular lens proteins. lipoproteins and the like. Illustrative protein 
carriers include, in addition to thyroglobulin, bovine serum albumin, keyhole limpet hemocyanin. egg 
ovalbumin, bovine gamma-globulin, thyroxine binding globulin, etc. Alternatively, synthetic poly(amino 
acids) may be prepared having a sufficient number of available amino groups, such as lysines, or carboxylic 



EP 0 459 387 A2 



acid groups, such as glutamate. The corresponding glutaraldehyde derivative of the above poly(amino acid) 
carriers may also be employed when the hapten coupling group is an amino group. 

The immunogens can be prepared by coupling a compound of the class shown in Figure 3 or 21 with a 
poly(amino acid) or a derivative of a poly(amino acid), as will be discussed in the context of the synthetic 
5 - method and the Examples below. 

The Structure of the Tracers 



The possible variations in the structure of the tracers of the invention are even greater than the possible 
10 variations in the structure of the haptens thereof. The tracers of the present invention have the general 
structural formulas described in the Summary of the Invention and illustrated in Figures 5 and 20, where Q 
represents a fluorescein moiety or a fluorescein derivative. The phencyclidine or phencyclidine derivative 
can be attached to the fluorescein molecule or fluorescein derivative at any position on the fluorescein 
molecule or derivative at which the fluorescent properties of the molecule would be retained, including, as 
is numbered in Figure 4 for the acid form of fluorescein, positions 4, 5 and 3a. In a preferred form of the 
invention, the tracers have the structural formula shown in Figure 9. In the most preferred form of the 
invention, the tracers have the structure shown in Figure 14. 

The tracer is a phencyclidine derivative which is linked to a fluorescein derivative by, e.g., an amido, 
amidino, triazinylamino, carbamide thiocarbamido. carbamoyl, thiocarbamoyl. or sulfomylcarbamoyl group, 
20 as shown in Figure 11. The tracers are prepared by finking the appropriate fluorescein derivative to. a 
phencyclidine derivative containing an amino, carboxylic acid, hydroxy, imidate, hydrazide, chloroformate, 
chlorothioformate, chlorosulfonyl-carbamoyl, isocyanate, thioisocyanate, or similar group, as will be dis- 
cussed in the context of the synthetic method and the Examples below. 

By way of example, any of the following fluorescein derivatives can be used: 

25 

fluorescein amine 
carboxyf luorescein 
a-iodoacetamidof luorescein 



2,4, -dichloro-1 ,3,5, -tr iazin-2-yl 
amino-fluorescein (DTAF) 

4-chloro-6-methoxy-l ,3 , 5 ,-triazin-2- 
ylamino fluorescein 

fluorescein thioisocyanate 

45 



The Antibodies 

Although preferred antibodies are raised against immunogens having the structural formula shown in 
Figure 22, the most preferred antibodies are raised against immunogens having the structure shown in 
Figure 23. 

Both polyclonal and monoclonal antibodies recognize specific epitopes on an immunogen. Because 
polyclonal antibodi s consist of a mixture of multiple antibodies, each recognizing a specific epitope., 
whereas monoclonal antibodies ar produced by cells secreting a single antibody recognizing a specific 
epitope, and because monoclonal antibodies can be produced both in vitro and in vivo, monoclonal 
antibodies are th pref rred antibodies for use in the method of the preienTlrTventionrandlor use in the 
reagent kit of the invention. 



F1-NH 2 
F1-00 2 H 
30 Fl-NHCOCH 2 I 



35 



40 



CI 



jri 

FI-NH-< N 

\i=< 
N CI 

OCH, 
FI-NH-C N 

Fl-NCS 



50 
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In comparison with an assay of the present invention which employs polyclonal antibodies, an assay of 
the invention which employs monoclonal antibodies is more desirous in that it: (1) results in a more 
selective assay; (2) results in an assay having a reduced interference with other compounds which may be 
present in the sample, and which may cross react with the antibodies and, thus, result in a number of 
5 falsely-positive readings for the presence of phencyclidine or phencyclidine metabolites when none was 
actually present in the sample; (3) eliminates the need for continued animal reimmunization and the labor- 
intensive process which is associated with such animal reimmunizations; and (4) eliminates the potential for 
irreproducibility of identical antiserum (because cross-reactive profiles of antibody-producing animals may 
change, requiring assay reconfiguration, because even carefully maintained animals can die, and because 

70 immunization of new animals may not result in the same cross reactivity profile as that originally produced). 
Generally, monoclonal antibodies of the present invention may be prepared by injecting animals, such 
as mice or rats, intraperitoneaily, subcutaneously, interveineously, or in some other manner, with an antigen 
(an immunogen, such as an immunogen having the structure shown in Figure 23) in order to elicit an 
immune response in the animals (the production of antibodies which are specific for the antigen). Sera from 

75 the animals is then drawn, and the sera is tested to determine the titer of antibody in the sera (to determine 
whether or not the animal illicited the desired immune response, and to what extent). Those animals in 
which the desired immune response has been produced are permitted to rest for approximately two to three 
months. After this two-month to three-month period of time, and approximately three days prior to the 
anticipated fusion of B-lymphocyte cells (cells which, upon stimulation by antigen, mature into plasma cells 

20 which synthesize antibody, and which are also referred to as B cells) with myeloma cells (tumor cells), a 
boost injection of the antigen is administered to these animals. B-lymphocyte cells are then removed from 
the spleens of these animals by standard procedures, and the B-lymphocyte cells are then fused with 
myeloma fusion partners according to standard procedures, such as those described in Kohler and Milstein, 
"Continuous Culture of Fused Cells Secreting Antibody of Predefined Specificity," Nature, 256, 495 (1975)! 

25 The B-lymphocyte-myeloma fusions are then plated in multiwell tissue culture plates containing HAT media, 
or other suitable media. The resulting cultures are fed with HT media, or other suitable media, and fetal 
bovine serum or calf bovine serum on or about the fifth and seventh days after the fusion of the cells and 
then tested on or about the tenth day after the fusion for the presence of antibody which is specific for the 
antigen. Specific desirable hybrids are then cloned by limiting dilution. (Hybrid ceils are diluted in differing 

30 amounts of HT media, or other suitable media, and plated out in tissue culture plates in order to isolate a 
single desired clone.) Established clones are then retested for specificity to a broader panel of cross 
reactants. 

The amount of the resulting monoclonal antibodies produced by a desired clone can then be scaled up 
to produce a sufficient quantity of antibody for purification in either: (1) tissue culture (by expanding the 

35 number of cells in tissue culture, or HT media); or (2) mice for ascites. The monoclonal antibodies can be 
scaled up in mice by injecting hybrid cells into the abdominal cavity of mice and allowing the cells to grow 
(usually for about 7 days). The ascites is harvested from the mice by sacrificing the mice, collecting the 
ascites fluid, and purifying the ascites fluid, as described in Example XVIII. BALB/c mice are the most 
common strain of laboratory mouse used for this process, and they can be obtained from any mouse 

40 vendor, such as Jackson Laboratories, Bar Harbor, Maine, or Charles. River, Willmington, Mass. Pristane, 
which may be obtained from Aldrich Chemical Co., Inc., Milwaukee, Wl, should be injected into the mice in 
order to stimulate their immune systems to produce B and T cells (about two or three weeks before the 
hybrid cells are injected into the mice), which serve as a feeder layer for the clone cells that are injected 
into the mice. This is perfomed in order to provide a suitable environment in which the hybrid cells can 

45 grow. 

Polyclonal antibodies of . the present invention are prepared by developing a response in animals to the 
immunogens described above. The immunogen is administered to animals such as rabbits or sheep by a 
series of injections, in a manner well-known to those skilled in the art. 

so Reagent Kit 

The novel reagent kit of the present invention for determining the presence or amount of phencyclidine 
and phencyclidine derivatives in a sampl comprises a salt of a first tracer of the formula shown in either 
Figure 5 or 20 wherein W, R, Z, n and Q are as defined in the Summary of Invention and monoclonal or 
55 polyclonal, preferably monoclonal, antibodies which have been raised against an immunogen having the 
structure shown in either Figure 5 or 20 wherein W, R, Z, n and Q are also as defined in the Summary of 
Invention. Preferably, the reagent kit will also contain an amount of riboflavin binding protein which is 
effective to reduce fluorescence interference by riboflavin and a wash solution containing dimethylfor- 
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mamide and butanol to wash the probe of an automated or semiautomated instrument used to conduct the 
assay. While the most preferred tracer for use in the reagent kit is a tracer having the structure shown in 
Figure 14, the most preferred antibodies for use in the kit are monoclonal antibodies generated against an 
immunogen having the structure shown in Figure 23. The most preferred combination of tracer and antisera 
for use in the kit are the combination of a tracer having the structure shown in Figure 14 with monoclonal 
antibodies generated against an immunogen having the structure shown in Figure 23. 

Synthetic Methods 

Both the immunogens and the tracers of the present invention can be made from a precursor having 
the general structural formula shown in Figures 2, 3, or 21 wherein: 
W is CH or N; 

R is a linking group including up to 4 heteroatoms, and having a total of from 0 to 8 carbon atoms and 
heteroatoms, arranged in a straight or branched chain, and containing up to one aliphatic or aromatic ring 
structure, said heteroatoms being 0, N, S, P or F; 

Z is NH 2 , COOH, CN, CHO, or OH when the preparation is directed to an immunogen, and 2 is NH 2 , 
COOH, CN t CHO, or OH, when the preparation is directed to a tracer; and 

n is 0 or 1 when W is N and n is 1 when W is CH. 

The Synthesis of the Immunogens 



The immunogens of the present invention are made by coupling a hapten, such as those having the 
general structure shown in Figures 2 f 3 or 21 when 2 is NH 2) COOH, CN, CHO or OH, to a poly(amino 
acid). The poly(amino acid) moiety can be linked to the hapten by an amide, an amidine, an alkyl, a urea, a 
thiourea, a carbamate, or a thiocarbamate linkage. The hapten is preferably coupled under conditions 
normally used to form carbamate linkages, which conditions are well known to those skilled in the art. It is 
most preferred that pH conditions approximating pH 8.0 be used for forming the desired carbamate 
linkages, as these are the most effective for forming these linkages in this context. 

The immunogens are prepared by coupling a hapten containing an -NH 2) -C0 2 H, CONHNH 2 , -CNOR, 
-CHO, -NCO, -NCS. -OCOCI or -OCSCI group to a poly(amino acid). The -NH 2 case can be coupled by 
activating the carboxylic acid group on the poly(amino. acid) in the presence of the -NH 2 group. The 
activation of the carboxylic acid groups on the poly(amino acid) can be accomplished by mixing the hapten 
and the poly (amino acid) with 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC), N.N'-dicyclohexylcar- 
bodiimide (DCC). 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate, or the like. The 
-C0 2 H case is also coupled by the activation method (EDC) or the active ester method. The -CONHNH 2 
case is coupled in the same manner as for the non-aromatic amino case. The -CNOR case which is 
prepared from the corresponding cyano compound, is coupled directly to the poly(amino acid). The -CHO 
case is coupled to the poly(amino acid) by reductive amination. The poly(amino acid) is mixed with the 
-CHO hapten and the resulting imine is reduced with sodium cyanoborohydride to yield alkylated amines on 
the poly(amino acid). The isocyanate (-NCO) and isothiocyanate (-NSC) cases, which are prepared from the 
corresponding amino compound and chloroformate (-OCOCI) and chlorothioformate (-OCSCI) cases which 
are prepared from the corresponding alcohol compound, produce urea, thiourea, carbamate and thiocar- 
bamate linkages, respectively. This is accomplished by direct coupling of the hapten to the poly(amino 
acid). 

The synthesis of the above haptens (immunogen precursors) are accomplished in very similar ways. 
Rgure 21 shows an immunogen precursor class in accordance with a preferred embodiment of the method 
of the present invention.' 

In generai, the hapten is prepared by reaction of the appropriate piperidine derivative with cyclohex- 
anone in the presence of cyanide. The coupled product is then reacted with phenyl magnesium bromide to 
yield the hapten precursor. The hapten precursor is then converted into the hapten. 
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In the case where W is N, benzyl can be used as a protecting group. The benzyl group is removed 
after formation of the phencyciidine derivative. This secondary amine is a suitable hapten. It is possible to 
alkylate the amine with an alkyl halide (CI, Br or I), ejj., bromoacetonitrile, 3-bromopropanol, 4-bromobutyric 
acid or the like, to prepare suitable haptens. It is also possible to form the chloroformamide derivative, 
5 which could make a suitable hapten, or form an amide derivative with an active ester, e.g., succinic 
anhydride, cyanoacetyl chloride or the like, containing a suitable group useful for couplinglo a carrier 
protein. In the case where W is CH, X is CHOH, after formation of the phencyciidine derivative, a large 
variety of haptens may be prepared. The alcohol may be alkylated with an alkyl halide (CI, Br, or I),, 
containing a suitable group useful for coupling to a carrier protein, by standard procedures to form ether 

io derivatives. The alcohol may be converted into the corresponding halogen derivative, such as, bromo, 
chloro or iodo, which will react with carbanion, alcohol or amine derivatives of compounds containing a 
suitable group for coupling to a carrier protein. The alcohol can be oxidized to the corresponding ketone 
which may be derivatized by known methods to a variety of compounds containing a suitable group useful 
for coupling to a carrier protein, e^g., Wittig reagents, alkoxyamine compounds, reductive amination with 

ts amino compounds or the like. Reductive amination of the ketone with ammonium acetate results in an 
amino derivative.. The amino compound is suitable as a hapten or may be derivatized by known methods to 
a variety of hapten compounds analogous to the case where W is N and n is 0. 

Nitrile derivatives (Z = CN) are converted to alkoxy . imidates (Z = CNOR) by treating the nitrile with 
anhydrous alcohol and hydrogen chloride gas. The hydrazide derivatives (Z = CONHNH 2 ) are prepared from 

20- the corresponding carboxylic acid derivatives by active ester coupling with hydrazine or by reacting 
hydrazine with the corresponding carboxylic ester derivative. Amines (Z = NH 2 ) are convertible to the 
isocyanate or thioisocyanate derivatives and alcohols (Z = OH) are convertible to chloroformate and 
chlorothioformate derivatives by reaction of the amine or the alcohol with phosgene or thiophosgene. 

Aldehydes and ketones can be condensed with (aminohydroxy)alkylcarboxylic acids, such as 

25 NH2OCH2CO2H, to produce substitued oxime derivatives. The oxime alkyl carboxylic acid derivatives can 
be partially reduced to the corresponding (aminohydroxy)alkylcarboxylic acid derivatives. The same type of 
condensation and reduction can be accomplished with hydrazine and hydrazine derivatives. 

The Synthesis of the Tracers 

30 

The tracers of the present invention are made by coupling a fluorescein moiety, or a derivative of 
fluorescein, to the general structure shown in Rgures 2, 3 or 21 when Z is NH 2 , COOH, CN or OH. The 
fluorescein moiety can be linked to the amino, carboxyl, imidate or alkoxy functional group by an amide, an 
amidine, a urea, a thiourea, a carbamate, a thiocarbonate, triazinylamino or sulfonylcarbamate linkage,' as 

35 shown in Figure 11. In the presently preferred embodiment, the fluorescein derivative is 6-carbox- 
yfluorescein, and this is coupled to the precursor for 4-aminophencyclidine. Preferably, this reaction is 
performed in pyridine, but can also be perfomed in a co-solvent, ag., methanol, dimethylsulfoxide, or the 
like, in the presence of a base, ejj., triethylamine or the like. The structure of the most preferred tracer is 
shown in Figure 14. Useable tracers can be prepared from a variety of phencyciidine derivatives. 

40 All phencyciidine derivatives that have a.terminai amino group, such as amino, hydrazinyl, hydrazido or 
the like, are coupled to carboxyfluorescein by the active ester method or the mixed anhydride method, 
preferably the active ester method, and coupled to fluorescein isothiocyanate, DTAF or alkoxy DTAF by 
simply mixing the two materials in solution. The amino group can be converted to the isocyanate and 
thioisocyanate groups by reaction with phosgene and thiophosgene, respectively. These are then con- 

45 densed with aminofluorescein to produce the tracer. 

Ail phencyciidine derivatives that have a terminal carboxylic acid group, such as carboxylic acid, 
(aminohydroxy)alkylcarboxylic acid or the like, are coupled to aminofluorescein by the active ester method. ' 

All phencyciidine derivatives that have a terminal hydroxy group can be coupled to fluorescein by 
reaction with DTAF, iodoacetamidofluorescein or fluorescein isothiocyanate in solution. The hydroxy group 

so can be converted to the chlorosulfonylcarbamoyl, chloroformate and chlorothioformate groups by reaction 
with chlorosulfonylisocyanate, phosgene and thiophosgene, respectively. These derivatives are then coup- 
led to aminofluorescein or aminomethylfluorescein in solution to produce the tracer. 

All phencyciidine derivatives that have a terminal nitrile group are converted to imidates in anhydrous 
alcohol in the presence of hydrogen chloride gas. The imidate is then coupled to fluorescein amine or 

55 aminomethylfluorescein in solution to prepare the tracer. 

The preparation of the various amino, carboxylic acid, hydroxy and nitrile derivatives of the anilide 
d rivatives were described above in the immunogen preparation section. 
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The Assay 



30 



The particular tracer and antibodies of the present invention have been found to produce surprisingly 
good results in fluorescence polarization assays for phencyclidine and phencyclidine metabolites. 

s The assay of the present invention provides a more rapid phencyclidine and phencyclidine metabolite 
assay method than most prior art methods, because it requires no specimen treatment before analysis. The 
assay system accurately measures the presence or quantity of phencyclidine and phencyclidine 
metabolites in a sample, because antibody specificity precludes detection of compounds other than 
phencyclidine-like compounds. 

io The novel process of the present invention for determining the presence or amount of phencyclidine 
and phencyclidine metabolites in a sample comprises the steps of: 

(a) contacting a sample with: 

(1) phencyclidine antiserum, the phencyclidine antiserum containing monoclonal or polyclonal, prefer- 
ably monoclonal, antibodies which have been raised against an immunogen having the structure 

is shown in either Figure 5 or 20, wherein W, R, Z, n and Q are as defined in the Summary of Invention; 

and 

(2) tracer compounds having the structure shown in either Figure 5 or 20, wherein W, R, Z, n and Q 
are also as defined in the Summary of the Invention, with the tracer compound being capable of 
producing a detectable fluorescence polarization response to the presence of the phencyclidine 

20 antiserum; 

(b) passing plane polarized light through the resulting solution from step (a) to obtain a fluorescence 
polarization response; and 

(c) detecting the fluorescence polarization response of the solution of step (b) as a measure of the 
presence or amount of phencyclidine or phencyclidine derivatives in the sample. 

25 The most preferred form of the process of the present invention employs monoclonal antibodies 
prepared against an immunogen having the structure shown in Figure 23 with a tracer having the structure 
shown in Figure 14. 

In accordance with the method of the present invention for determining the presence or amount of 
phencyclidine and phencyclidine metabolites in a sample by a fluorescence immunoassay procedure using 
the tracer and immunogen compounds of the invention, a sample containing, or suspected of containing, 
phencyclidine and/or phencyclidine metabolites is mixed with: (1) a biologically acceptable salt of a tracer; 
and (2) a monoclonal or polyclonal, preferably monoclonal, antibody specific to phencyclidine and phen- 
cyclidine metabolites and to the tracer. The antibody is produced using the immunogen as described 
above. The phencyclidine and phencyclidine metabolites and tracer compete for limited antibody sites, 
resulting in the formation of complexes. By maintaining constant the concentration of tracer and antibody! 
the ratio of phencyclidine- and phencyclidine metabolites-antibody complex to tracer-antibody complex that 
is formed is directly proportional to the amount of phencyclidine and phencyclidine metabolites in the 
sample. Upon exciting the mixture with linearly polarized light and measuring the polarization (in units of 
millipolarization) of the fluorescence emitted by a tracer and a tracer-antibody complex, one is able to 
quantitatively determine the amount or qualitatively determine the presence of phencyclidine and phen- 
cyclidine metabolites in the sample. 

The results can be quantified in terms of net millipolarization units and span (in millipolarization units). 
The measurement of net millipolarization units indicates the maximum polarization when a maximum 
amount of the tracer is bound to the antibody, in the absence of any phencyclidine or phencyclidine 
metabolites. The higher the net millipolarization units, the better the binding of the tracer to the antibody. 
The assay span is the difference between the net millipolarization values obtained when the maximum 
amount of tracer is bound in the absence of any phencyclidine and the net millipolarization obtained when a 
specific amount of phencyclidine or phencyclidine metabolites is present in the sample. A larger span 
allows for more millipolarization units to be placed between each of the calibrators of the standard curve 
generated for the assay, thereby providing better assay precision which, in turn, results in a better 
numerical analysis of the data obtained. The most preferred antibody-tracer combination has a span of at 
least 90 millipolarization units, but smaller spans may be used to produce acceptable assays. It is important 
to note that th span varies depending on the sample size used which, in turn, may alter the preferred 
combination. 

55 Table I shows th results obtained with various embodiments of the tracers, antibodies and assay of the 
present invention, in terms of span and net millipolarization units at a sampl siz of 2 uL wh n the sample 
contains 75 ng/mL of phencyclidin . As se n from the data in Table I, an assay produced from an 
immunogen made from th hapten of Figure 18 used in combination with the tracer of Figure 13 and a 2 uL 
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sample size provides good results. Accordingly, this combination of antibody and tracer is a preferred form 
of the invention for a sample size of 2 uL However, the most preferred form of the assay of the present 
invention employs monoclonal antibodies prepared against an immunogen having the structure shown in 
Figure 23 with tracers having the structure shown in Figure 14. The antibody/tracer combinations repre- 
s sented by the combinations of Figures 18, and 12, Figures 18 and 14, Figures 18 and 15, and Figures 18 
and 16 also produced acceptable results and are alternative preferred combinations. 



TABLE I 



Hapten used 

in Immunogen Net 

for Antibody - Tracer Polarization * span ** 



20 


Figure 


18 


Fig. 


12 


176 


16 




Figure 


18 


Fig. 


13 


172 


18 




Figure 


18 


Fig. 


14 


164 


16 




Figure 


18 


Fig. 


15 


159 


15 


25 


Figure 


18 


Fig. 


16 


187 


12 




Figure 


17 


Fig. 


12 


129 


5 




Figure 


17 


Fig. 


13 


125 


5 


30 


Figure 


17 


Fig, 


14 


102 


4 


Figure 


17 


Fig. 


15 


110 


6 




Figure 


17 


Fig. 


16 


119 


4 




Figure 


19 


Fig, 


12 


137 


4 
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Figure 


19 


Fig. 


13 


142 


2 




Figure 


19 


Fig. 


14 


155 


6 




Figure 


19 


Fig. 


15 


140 


5 




Figure 


19 


Fig. 


16 


141 


4 



40 



* In millipolarization units 

** In millipolarization units at a phencyclidine 
concentration of 75 ng/mL and a 2 uL sample size. 



Significant features of the most preferred combination of tracer and immunogen of the present 
invention, the combination of compounds having the structures shown in Figures 14 and 23 respectively, 
include: (1) the very high degree of specificity of th monoclonal antibodies generated against the 
immunogen for phencyclidine, phencyclidine metabolites and phencyclidine analogs; and (2) minimal cross 
reactivity of these antibodies to other drugs and to other naturally-occurring compounds. 

Table II demonstrates the specificity of the monoclonal antibodies produced against an immunogen 
having the structure shown in Figur 23 when compared with polyclonal antibodies of sheep and rabbits 
raised against the same immunogen. Crossreactivity to a panel of 10 different compounds was examined 
using antisera from sheep and rabbits and mouse monoclonal antibodies, all of which were rais d against 
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an immunogen having the structur shown in Figure 23 and tested with the tracer of Figure 14. 



40 



0 


Compound Added 






Concentration Found (nc/ml) 






10 


(IQOug/mL) 


Sheep 
630 


631 


Pa KM he 

2263 


2264 


2265 


2266 


House 
Monoclonal 




Am1tr1ptyl1ne 


69 


21 


2Q 


**o 


to 


26 


4 


15 


Nortlptyllne 
Imlpraraine 


23 
37 


19 
25 


1 Q 

26 


42 
49 


9 
19 


19 
28 


Low 
3 




0es1rapram1ne 


32 


22 


19 


14 
J*» 


i a 


19 


2 


20 


Dextromethorphan 


60 


18 


33 


40 


32 


Low 


31 




Ketanilne 


23 


36 


25 


51. 


8 


13 


3 




Promazine 


28 


72 


35 


46 


16 


25 


4 


25 . 


Levall orphan 


31 


49 


62 


73 


27 


27 


16 




Cycllzine 


. 48 


36 


48 


32 


51 


35 


4 




Diphenhydramine 


30 


24 


31 


39 


25 


25 


1 


30 




















Span^mP) 


19 


26 


19 


14 


33 


31 


12 




Span 2 (mP) 


80 


101 


78 


100 


149 


90 


78 


35 



















Span 



Span 2 



1_ 



The difference 1n net ra1ll1po1ar1zat1on readings obtained between a sample which 
contains 25 ng/mt of phencycl 1d1ne and a control sample which does not contain 
phencyclldlne. 

The difference 1n net mUlipolaMzatlon readings obtained between a sample 
containing no phencyclldlne and the highest calibrator which contains 500 ng/mt 
phencyclldlne. (This 1s also known as the dynamic range of the curve.) 



45 



Low = The result printed by the Abbott TO x © Clinical Analyzer when the apparent 
concentration is less than the 0 calibrator. 



The pH at which the method of the present invention is. practiced must be sufficient to allow the 
so fluorescein moiety of the tracers to exist in their open form. The pH may range from about 3 to 12, more 
usually in the range of from about 5 to 10. most preferably from about 6 to 9. Various buffers may be used 
to achieve and maintain the pH during the assay procedure. Representative buffers include borate, 
phosphate, carbonate, tris, barbital and the like. The particular buff r employed is not critical to the present 
invention, but th tris and phosphate buffers are preferred. The cation portion of th buffer will generally 
55 determine the cation portion of the tracer salt in solution. 

Riboflavin binding protein (RBP) is added to the sample or to one or more of the assay reagents in 
ord r to bind any riboflavin present in the sample into RBP-riboflavin complexes, thus eliminating potential 
fluorescence interference RBP is a protein of approximately 32,000 M.W. which is isolated from egg whites. 
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Upon isolation from the egg, each molecui of RBP contains one molecule of riboflavin. This, the 
holoprotein form of RBP, must be converted to the apoprotein form by dialysis, under acidic conditions, to 
remove the bound riboflavin. The RBP apoprotein utilized in the present invention is commercially available 
from Sigma Chemical Company, St. Louis, Missouri. The amount used is not critical, provided a sufficient 
quantity is used to bind all free riboflavin in the sample. 

At very high concentrations, phencyclidine and phencyclidine metabolites have a tendency to adhere to 
the plastic components of instrument probes. This results in the carryover of phencyclidine and phen- 
cyclidine metabolites from one sample to other samples. Standard dilution buffer, which contains 0.1 M 
sodium phosphate, 0.01% bovine gamma globulin and 0.1% sodium azide, pH 7.5, is not sufficient to 
remove the phencyclidine and phencyclidine metabolites from the probe. Therefore, an aqueous solution of 
from about 40-60% (v/v) dimethylformamide, preferably 50%, from about 8-12% (v/v) n-butanol, preferably 
10%, and from about 3-5% sodium chloride, preferably 4%, is preferably added to the kit as a wash 
solution. 

The preferred method of the assay of the present invention will now be discussed in detail. The assay 
is a "homogeneous assay," which means that the end polarization readings are taken from a solution in 
which bound tracer is not separated from unbound tracer. This is a distinct advantage over heterogeneous 
immunoassay procedures, such as those where the bound tracer must be separated from the unbound 
tracer before a reading can be taken. 

The reagents for the fluorescence polarization assay of the present invention comprise: (1) monoclonal 
or polyclonal antibodies for phencyclidine and phencyclidine metabolites; and (2) tracer reagent, Monoclonal 
antibodies are the preferred antibodies for use in the assay of the present invention. The most preferred 
antibodies for use in this assay are monoclonal antibodies generated against an immunogen having the 
structure shown in Figure 23. 

Additionally, largely conventional solutions including a pretreatment solution, a dilution buffer, phen- 
cyclidine calibrators and phencyclidine controls are desirably prepared. Typical solutions of these reagents, 
some of which are described below, are commercially available in assay "kits" from Abbott Laboratories, 
Abbott Park, Illinois. 

All percentages expressed herein are weight/volume unless otherwise indicated. The tracer formulation 
presently preferred is 164 nanomolar tracer in: 0.1 molar tris buffer at pH 7.9; 10% sodium cholate; 0.1% 
sodium azide; and 0.01% bovine gamma-globulin. The antiserum formulation comprises mouse monoclonal 
antibody diluted with: 0.05 molar HEPES buffer at pH 7.5; 0.1% sodium azide; 1.0% ovalbumin; and 10% 
glycerol (volume/volume). The dilution buffer comprises: 0.1 molar sodium phosphate at pH 7.5; 0.1% 
sodium azide; and 0.01% bovine gamma-globulin. The pretreatment solution comprises: 0.01% bovine 
gamma-globulin; 0,1 molar tris buffer at pH 7.5; 0.1% sodium azide; and 10mg/mL riboflavin binding protein. 
An aqueous wash solution employed to wash the probe of an automated or semiautomated instrument used 
to conduct the assay, contains 50% (v/v) dimethylformamide, 10% (v/v) n-butanol and 4% sodium chloride. 
Phencyclidine calibrators comprising phencyclidine in normal human urine at concentrations of 0.0, 25.0, 
60.0, 120.0, 250.0, and 500.0 nanograms per milliliter, with 0.1% sodium azide as a preservative are useful! 
Phencyclidine controls comprising phencyclidine in normal human urine are provided at concentrations of 
35.0, 100.0 and 250.0 nanograms per milliliter with 0.1% sodium azide as a preservative are also useful. 

The preferred procedure is especially designed to be used in conjunction with the Abbott TD X ® Clinical 
Analyzer or the Abbott AD X ® Drugs of Abuse System, both of which are available from Abbott Laboratories, 
Abbott Park, Illinois. Fifty microliters of urine is required. The calibrators, controls, or unknown samples are 
pipetted directly into the sample well of the TD X ® sample cartridge. One of the advantages of this 
procedure is that the sample does not require any special preparation. The assay procedure from this point 
is fully automated. 

If a manual assay is being performed, the sample is mixed with the pretreatment solution in dilution 
buffer and a background reading is taken. The tracer is then mixed with the assay. The antibody is then 
finally mixed into the test solution. After incubation, a fluorescence polarization reading is taken. 

The fluorescence polarization value of each calibrator, control or sample is determined and is printed on 
the output tape of an instrument, such as the Abbott TD X ® Analyzer or AD X ® System. A standard curve is 
generated in the instrument by plotting the polarization of each calibrator versus its concentration using a 
nonlinear regression analysis. The concentration of each control or sample is read off of the stored 
calibration curve and printed on the output tape. 

With respect to the foregoing preferred procedure, it should b noted that the tracer, antibody, 
pretreatment solution, wash solution, calibrators and controls should be stored between about 2*C and 
about 8° C while the dilution buffer should be stored at ambient temperature. A standard curv and controls 
should be run every two w eks, with each calibrator and control run in duplicate. All samples can be run in 
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duplicate. 

A significant feature of the most preferred assay of the present invention, one which employs a 
monoclonal antibody prepared against an immunogen having the structure shown in Figure 23 and a tracer 
having the structure shown in Figure 14, is the high degree of specificity to phencyclidine. phencyclidine 

5 metabolites and phencyclidine analogs, while greatly minimizing crossreactivity to a host of other synthetic 
and naturally-occuring compounds. Representative crossreactivity data for phencyclidine metabolites and 
phencyclidine analogs employing the assay of the present invention wherein the tracer has the structure 
shown in Figure 1 4 and the antibodies have been raised against an immunogen having the structure shown 
in Figure 23 are shown in Table 3(a) below. The four columns indicate the following information: 

w (1) Column 1^ - Indicates the particular compound assayed for; , 

(2) Column 2 - Indicates the amount of the test compound added to drug-free urine; 

(3) Column 3 - Indicates the amount of test compound found in the resulting urine; 

(4) Column 4 - Indicates the percent crossreactivity. 

The percent cross-reactivity value presented in column four was obtained by the following mathematical 
75 formula: 
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Concentration of Test Compound 
Detected in the Resulting 
Human Urine 

Percent = 100 X 

Cross-Reactivity Concentration of Test Compound 

Added to Normal. Drug-Free 
Human Urine 
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Table 3 (a) 



70 



75 



20 



25 



30 



35 



1 


2 


3 


4 


4-OH pip Phencyclidine 
(PCP metabolite) 


100,000 
10,000 
1,000 
100 
50 
25 


HI 
HI 
148.33 
16.68 
7.80 
5.59 


NR 
NR 
14.8 
16.7 
15.6 
22.4 


1-Phenylcyclohexyl amine 
(PCP metabolite) 


100,000 


ND 




N-E thy 1- 1 -Phenyl eye 1 o- 
hexylamine (PCP analog) 


100,000 
10,000 
1,000 


139.77 
19.75 
ND 


0.1 
0.2 


l-( 1-Phenylcyclohexyl)- 
pyrrolidine (PCPy) 
(PCP analog) 


1,000 
100 
50 
25 


HI 
84.98 
43.72 
21.37 


NR 
85.0 
87.4 
85.5 


1- [ l-< 2-Thienyl ) Cyclohexyl ] - 
morpholine (TCM) 
(PCP analog) 


1,000 
100 
50 
25 


185.55 
25.33 ' 
13.23 
7,11 


18.6 
25,3 
26.5 
28.4 


1-C l-( 2-Thienyl ) Cyclohexyl ] - 
piperidine (TCP) 
(PCP analog) 


1,000 
100 
50 
25 


467.17 
55.57 
30 . 25 
14.74 


46.7 
55.6 
60.5 
59.0 


1- [ 1 - ( 2-Thienyl ) Cyc 1 ohexy 1 ] - 
pyrrolidine (TCPy) 
(PCP analog) 


1,000 
100 
50 
25 


377.63 
46.26 
23.46 
12.66 


37.8 
46.3 
46.9 
50.6 



40 



ND* = None Detected: Concentration less than the 

sensitivity of the assay 
(5.00 ng/mL) . 

HI = The result printed by the Abbott TD X ® Clinical 

Analyzer when the concentration is greater than the 
highest calibrator. 



Another advantage of the assay of the present invention is the low cross-reactivity of the assay with 
nonphencyclidine compounds. Representative cross-reactivity data which indicate a low cross-reactivity of 
45 the assay for compounds which have a similar chemical structure to phencyclidine are shown in Table 3(b) 
(for a tracer having the structure shown in Figure 14 and monoclonal antibodies generated against an 
immunogen having the structure shown in Figure 23). The four columns in Table 3(b) indicate the same 
information as is described above for Table 3(a). 
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Table 3(b) 





1 


2 


3 


4 


5 




100 , 000 
10,000 


20 . 79 
ND* 


<0. 1 




Fenfam'f ami nca 


t n n n n n n 

1 , 000 , quo 
100,000 


20 . 58 
ND* 


<0.1 


10 


Levallorphan 


100,000 
50,000 


6.02 
ND* 


<0.1 




Phenyl to loxamine 


1,000,000 
100,000 


7.72 
ND* 


<0,1 


15 


Picenadol 


1,000,000 
100,000 


15.04 
ND* 


<0.1 


20 


Prolintane 
Thioridazine 


100,000 
10,000 

1,000,000 
100,000 


15.66 
ND* 

34.23 
ND 


<0.1 
<0.1 


25 


ND* =» None Detected: 


Concentration less 
sensitivity of the 
(5.00 ng/mL) . 


than the 
assay 



In addition, the compounds presented in Table 3(c) showed -crossreactivity results less than 5 0 
30 when tested at 100 ng/mL 
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Table 3(c) 



Acetaminophen 
Acetopromazine 
N-Acetyl-l-cysteine 
Acetyl sail cyl ic Acid 
Allobarbital 
Alpha-methyl-T-DOPA 
Alphaprodine 
Alphenal 
Alprazolam 
Alprenolol 
Amantadine 
Aminoglutethitnide 
Amlnopyrine 
*Amitriptyline 
cls-10-OH-Amitrlptyllne 
t r an s - 1 0-OH- Am 1 tr i p ty 11 n e 
Amobarbital 
Amoxicillin 
dj -Amphetamine 
p-OH-Amphetamine 
Amphotericin 
Ampicillin 
Anileridine 
Antabuse 
*Apomorph1ne 
Aprobarbital 
Aspartame 
Atenolol 
Atropine 
*Azatadine 
Barbital 
Barbituric Acid 
Beclomethasone 
Benactyzlne 
Benzocalna 
Benzioc Acid 
Benzoyl ecgonine 
Benztropine 
Benzylpenldllln 
Brallobarbital 
.Bromocriptine 
Brompheniramine 
Bupivacaine 
Buprenorphine 
Buspirone 
Butabarbital 
Butethal 
Butorphanol 
8utyrophenone 
Caffeine 

Calcium Hypochlorite 
Carbamazepine 



Carbamazepi ne-10 , 11-epoxi de 
Carisoprodol 
Carphenazine 
Cephalexin 
Cephaloridine 
*Chloral Hydrate ■ 
Chloramphenicol 
Chlordiazepoxide 
Chloroqulne 
Chlorothiazide 
'Chlorpheniramine 
Chi or promazine 
Chlorpropamide 
Chlorzoxazone 
Cholesterol 
Cimetldine 
Ciprofloxacin 
Clemastine 
Clindamycin 
Clomipramine 
Clonidine 
Cocaine 
Codeine 
Cortisone 
6-Cortol 
Cyclizine 
Cyclobarbital 
Cyclobenzaprine 
Cyproheptadine 
Deoxycorticosterone 
Desipramlne 
Diacetylmorphine 
Diazepam 
Olbenzepin 
Dlbucaine 
Diethylproplon 
Dlflunisal 
01 gf toxin 
Digoxln 

Dihydrocodelne 

Dihydromorphine 

1 0 J 1 -Di hydroxy-carbamazep 1 ne 

Dtltlazem 

1 ,3-D1methylbarb1turic Acid 
'Diphenhydramine 

Diphenoxylate 

01 phenyl hydantoin 

Dopamine. 

Dothiepin 
*Doxepin 
*0oxyl amine 

Ecgonine " 



* - Tested at 1 ,000 ug/mL 
** - Tested at 10 ug/tnl 
24:1762P 



17 



EP 0 459 387 A2 



Ephedrlne 

Epinephrine 

Erythromycin 

Estradiol 

Estrlol 

Estrone-3-sulfate 

Ethambutol 

Ethlnamate 

4- Ethyl-2 f 5-dimethoxy- 
amphetamine (DOET). 
Ethyl morphine 
Fencamf amine 

*Fenflurara1ne 

Fenoprofen 

Fentanyl 

Flufenamic Acid 
*Fluoxetine 

Fluphenazlne 
*Flurazepam 

Flurbiprofen 

Furoseralde 

Gentlslc Acid 

Glutethlmlde 

Glycopyrrolate 
*Gua1aco1 Glyceryl Ether 

Haloperldol 

Hexobarbltal 

Hlppuric Acid 

Histamine 

Hydralazine 

Hydrochlorothiazide 

Hydrocodone 

Hydrocortl sone 

Hydromorphone 

5- Hydroxy1ndoie-3-acet1c Acid 
5-Hydroxy 1 ndol e-2-carboxy 1 1c Acl d 
S-<p-Hydroxyphenyl )-5- 

phenyl hydantoln (HPPH) 

Hydroxyzine 
*Ibuprofen 
*COOH-Ibuprofen 
*OH-Ibuprofen 

Imlnostllbene 

Imlpranilne 

Indole-3-acetlc Add 
Indole-3-butyric Acid 
Indomethacin 
IpronUzld 
Isoproterenol 
Isoxsuprlne 
*Ketamine 
Ketoprofen 
Ubetalol 
Levorphanol 



Levothyroxine 

Lldocaine 
loperamide 

Loratadlne 
*Lorazepam 

Loxaplne 

LSD 

Maprotlline 

Mazindol 

Mefenamic Add 

Melanin 

Meperidine 

Mephenytoin 

Mepi vacaine 

Meprobamate 

Mescaline 

Methadone 

Methadone Primary Metabolite 

d-Methamphetamlne 

d,l-Methamphetam1ne 

Methapyrllene 

Methaqualone 

Metharbital * 

Methocarbamol 

Methotrimeprazine 

Methoxyphenamine 

Methoxyprcmazine 

Methsuximlde 

4-Me thy I -2 , 5-d 1 me thoxy- 

amphetamine (DOM) 
•3.4-Methylenedioxy- 

amphetamlne (MDA) 
3 , 4-Me thy 1 ened 1 oxy-N-e thy 1 - 

amphetamine CMDE) 
3,4-Methylenedloxy- 

methamphetamlne (MDMA) 
'Methyl phenldate 
Methyprylon 
*Metoc1opramide 
Metoprolol 
Metronidazole 
Midazolam 

6-Monoacetyl morphine 
Monoethy lglycl nexy 1 1 d i de 
(MEGX) 
*Morphtne 

Morphlne-33-D-glucuronlde 

Mafclllln 

Nalbuphine 

Nalorphine 

Naloxone 

Naltrexone 

Naoroxen 

Niacinamide 



' * - Tested at 1,000 ug/mL 
•* - Tested at 10 ug/mL 
24:1762P 
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15 



20 



25 



30 



35 



40 



45 



50 



Nicotine 
Nicotinic Acid 
Nifedipine 
p-Nitrophenol 
Nomifensine 
Norchloriazepoxide 
*N-Norcodeine 
Nordoxepin 
Norethindrone 
*N-Normorphine 
N-Noroxymorphone 
N-Norpropoxyphene 
Nortriptyline 
cis-10-OH-Nortriptyllne 
trans-10-OH-Nortrlptyllne 
Nylidrln 
Octopamine 
Oplpramol 
Orotic Acid 
*0rphenadr1ne 
Oxazepam 
'Oxycodone 
Oxymetazoline 
*Oxmorphone 
Oxyphenbutazone 
Pemoline 
Penicillin G 
Pentazocine 
Pentobarbital 
Perphepazine 
Phenacetln 
*Phend1metrazine 
Phenelzine 
Phene thy 1 amine 
Phenformln 
Pheniramlne 
Phenmetrazine 
Phenobarbital 
Phenothiazlne 
*Phentermine 
Phenylbutazone 
Phenylpropanolamine 
Phenytoln 
Plperacetazine 
. 1— PI per 1 d1 nocyc 1 ohexane 
Carbon! trile 
Plroxicam 
Potassium Chloride 
Prazosin 
Prednisolone 
Prednisone 
Pregnenolone 
, Pri locaine 
Primidone 
Probenecid 



- Tested at 1 .000 ug/mL 

- Tested at 10 ug/mL 



Procainamide 
Procaine 

Prochlorperazine 

Progesterone 

Promazine 

Promethazine 

Propoxyphene 

Propranolol 

*Propylhexedrine 

Protriptyl Ine 

Pseudoephedrine 

*Pyri 1 amine 

Quinldine 

Quinine 
*Ran1 tidine 

Salicylic Acid 

Scopolamine 

Secobarbital 

Serotonin 

Strychnine 

Sudoxi cam 

Sulfamethazine . 

Sulfamethoxazole 

Sulfathiazole 

Sullndac 

Terbutal Ine 

Terfenadlne 

Testosterone 

Tetracaine 

Tetracycline 
** 1 1 -Nor-del ta-9-tetrahydro- 
cannabinol-9-carboxyl 1 c-Acld 

Tetrahydrocortisone 

Tetrahydrozoline 

Thebaine 
*Theny1diamine 

Theophylline 

Thiopropazate 

Thiothixene 

Tolbutamide 

Tranylcypromln 

Trazodone 

Triamterene 

Trifluoperazine 

Trihexphenidyl 

Trimethoprim 

Trimipramine 
*Tripelennamine 

Triprolidine 

Tropic Acid 

Tropine 

Tryptamine 

Tyrami ne 

Uric Acid 

Warfarin 

Zomeplrac * 

Amoxapine 

Nialamide 

Naphazol ine 



Th assay of the present invention was also compared to other methods for the detection of 
phencyclidin t such as gas chromatography/mass spectrometry (GC/MS), radioimmunoassay (RIA) and 
enzyme multiplied immunoassay technology (EMIT) by testing drug-free urine specimens and urine 
specimens containing phencyclidine and phencyclidine metabolites with each of these methods. Repre- 
sentativ data ar presented: (1) in Table 4(a) below for the most preferred assay of th present invention, 
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which employs a tracer having the structure shown in Figure 14 and monoclonal antibodies raised against 
an immunogen having the structure shown in Figure 23, in comparison with EMIT and GC/MS; and (2) in 
Table 4(b) below for the most preferred assay of the invention in comparison with RIA and GC/MS. 

5 

Table *(a ) 



10 







TDX 


AOX 


EMIT 


GC/MS 






POS/NEG 


POS/NEG 


POS/NEG 


POS/NEG 


<25 ng/mL 


10) 


0/101 


0/101 


0/101 


0/2 


by TDx 










99 NT 


IZS ng/mL 


98 


98/0 


98/0 


9S/3* 


98/0 


by TDx 












• - See Table Below 












TDX 




AOx 


EMIT 


GC/HS 


SAMPLE § 


< ng/mL) 




(ng/mL) 


POS/NEG 


(ng/ml) 


11 


40.25 




40.4 


HEG 


39 


60 


59.07 




59.4 


MEG 


41 


79 


45.99 




47.6 


NEG 


39 



25 



Table *fhT 



45 



SO 









TDx 

POS/NEG 


ADX 

POS/NEG 


RIA 

POS/NEG 


GC/MS 
POS/NEG 


30 


<25 ng/mL 
by TDx 


TOO 


0/1OO 


0/100 


0/100 


100 NT 




225 ng/mL 
by TOx 


101 


101/0 


100/1" 


101/0 


101/0 


35 


* * Set Table Below 












SAMPLE I 


TDX 

(ng/mL) 




AOx 

(ng/mL) 


RIA 

POS/NEG 


GC/MS 
(ng/mL) 


40 


MS2 


26.32 




24.9 


POS 


26 



NT = HOT TESTED 

"POSITIVE" by the TDx 
and AOx Instruments 

•POSITIVE" by RIA 
•POSITIVE" by EMIT , 



Concentration greater than or equal to the 
threshold, which ts 2S ng/mL phencycl idtne. 

= Counts per minute less than or equal to Urn 
threshold, which ts 25 ng/mL phencycl idtne. 

= Absorbance rate greater than or equal to the EMIT 
Low Calibrator, which 1s 75 ng/mL phencycl 1d1n«. 



•POSITIVE" by GC/HS = Concentration greater than or equal to 25 ng/mL 
phencycl idine. 



It should be understood that the foregoing detailed description and the following Examples are intended 
55 to be illustrative, but not limiting, with respect to the scope of the present invention. Various modifications 
will becom appar nt to one skilled in the art, and thus it is intended that the scope of the invention be 
defined solely by th claims and I gal quival nts ther of. 
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EXAMPLES 

Examples I through III and XVII are directed to preparation of an immunogen useful for producing 
antibody; Examples IV through IX, XI and XII are directed to th synthesis of precursors for immunogens 
and tracers; Examples X and Xill through XVI are directed to the preparation of tracers; and Example XVIII 
describes an experiment during which monoclonal antibodies were prepared against an immunogen having 
the structure shown in Figure 23. 

Example I 

1 -(1 -phenylcyclohexyl)piperazine Immunogen 

1-(1-phenylcyclohexyl)piperazine (25 mg) in 2 mL 50% methanoi/water was added to bovine serum 
albumin (30 mg) in 2 mL distilled water with stirring. The pH was adjusted to 5.5 with 0.1 N HCI. 1-ethyl-3- 
(3-dimethyiaminopropyl)carbodiimide <1g) in 2 mL distilled water was added in four parts adjusting the pH 
with 0.1 N HCI after each addition to about pH 5.5. The mixture was then stirred at room temperature for 18 
hours. The mixture was dialysed in a cellulose dialysing tube (Spectra/Por R , MW 12,000-14,000) against 
distilled water for four days. The solution from the dialysing tube was found to contain 2.7 mg/mL protein 
via the Biuret protein concentration determining method. 

Example II 

4-(1 -(1 -phenylcyclohexyl)) piperidinyl chloroformate'lmmunogen 



4-(1 -(-phenylcyclohexyl)) piperidinyl chloroformate (57 mg) in 0.25 mL dimethylformamide was added to 
bovine serum albumin (50 mg) in 2.5 mL 0.1 M phosphate buffer, pH 8.0, and stirred at room temperature 
for one hour. The mixture was dialysed in a cellulose dialysing tube (Spectra/Por R , MW 12,000-14,000) 
against distilled water for 2 days and 0.90% saline for one day. The solution from the dialysing tube was 
found to contain 15.4 mg/mL protein via the Biuret protein concentration determining method. 

Example III 

4-amino-1-(1 -phenylcyclohexyl) piperidine Immunogen 



4-amino-1-(1 -phenylcyclohexyl) piperidine (40 mg) in 2.5 mL dimethylformamide and 7.5 mL distilled 
water was added to bovine serum albumin (69.5 mg) in 2.0 mL distilled water with stirring and the pH was 
adjusted to pH 5.0-5.5 with 0.1 N HCI. 1-ethyl-3-(3-dimethyiaminopropyl)carbodiimide (60 mg) was added 
while maintaining the pH at 5.0-5.5 with 0.1 N HCI. The mixture was stirred at room temperture for 2 hours. 
The mixture was dialysed in a cellulose dialysing tube (Spectra/Por R , MW 12,000-14,000) against distilled 
water for 3 days. The solution from the dialysing tube was found to contain 4.19 mg/mL protein via the 
Biuret protein concentration determining method. 

Example IV 

1 -benzyl-4-(1 -cyanocyclohexyl) piperazine 

1-benzylpiperazine (Aldrich Chemical Co., Inc., supra) (6.1 2g) was dissolved in 10 mL deionized water 
and cooled to 0*C. Concentrated hydrochloric acid (3.6 mL) was added to adjust the pH to 5. After warming 
to room temperature, 3.6 mL cyclohexanone was added, followed by potassium cyanide (2.4 g) in 6 mL 
deionized water. The solution slowly became cloudy. After 18 hours, the solid was filtered. The solid was 
dissolved in chloroform, dried over NaaSO*, filtered and the solvent was removed in vacuo to yield pure 1- 
benzyI-4-(1 -cyanocyclohexyl) piperazine. 

Example V 

1 -benzyl-4-(1 -phenylcyclohexyl) piperazine 

To bromobenzen (0.6g) and magnesium turnings (0.2g) in 30 mL dry tetrahydrofuran under nitrogen 
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was added a small crystal of iodine and 10 drops of 1,2-dibromoethane. After small bubbles began to form, 
the reaction was stirred and heated to reflux for 4 hours. After cooling to room temperature, 1-benzyl-4-(1- 
cyanocyclohexyl)piperazine (1 g) was added. After 23 hours, the reaction was filtered, 20 mL saturated 
aqueous ammonium chloride was added and the mixture was extracted with diethyl ether. The ether was 
5 dried and removed in vacuo . The residue was chromatographed on silica gel eluted with chloroform to yield 
pure 1 -benzy l-4-(1 -phenylcyclohexyl)piperazine. 

Example VI 

io 1 -(1 -phenylcyclohexyl)piperazine 

1-benzyl-4-(1-phenylcyclohexyl)piperazine (0.47 g) was dissolved in 86 mL methanol and 14 mL 0.2 N 
HCI in methanol. The mixture was hydrogenated over palladium black (0.1175 g) and 3 atm. of hydrogen at 
room temperature for 1 hour. The reaction was filtered and the solvent was removed in vacuo. The residue 
75 was chromatographed on silica gel eluted with the appropriate mixture of methanol and chloroform to yield 
pure 1-(1-phenylcyclohexyi)piperazine. 

Example VII 

20 1-(1-cyanocyclohexyl)-4-hydroxyl piperidine 

4-hydroxypiperidine (Aldrich Chemical Co., Inc., supra) (5g) was dissolved in distilled water (14 mL), 
cooled to 0*C and the pH was adjusted to between 4 and 5 by addition of concentrated hydrochloric acid 
and 4-hydroxypiperidine. After warming to room temperature, 5.2 mL cyclohexanone and 3.3 g potassium 
25 cyanide in water (9 mL) were added sequentially. After 18 hours of stirring at room temperature, the solid 
was filtered. The solid was dissolved in 100 mL methylene chloride, dried over Na 2 SCU, filtered and the 
solvent was removed in vacuo to yield pure 1-(1-cyanocyclohexyl)-4-hydroxypiperidine. 

Example VIII 

30 

1 -(1 -phenylcyclohexyl-4-hydroxypiperidine 

To bromobenzene (4.1 mL) and magnesium turnings (4 g) in 200 mL dry tetrahydrofuran under nitrogen 
was added a crystal of iodine and 10 drops of 1,2-dibromoethane. After small bubbles began to form, the 

35 reaction was, stirred and heated to reflux for 4 hours. After cooling to room temperature 1-(1- 
cyanocyclohexyl)-4-hydroxypiperidine (2 g) was added. After 17 hours, the reaction was filtered. 120 mL 
saturated ammonium chloride was added and the mixture was extracted with ethyl ether. The ether layer 
was dried and the solvent was removed in vacuo . The residue was chromatographed on silica gel eluted 
with the appropriate mixture of methanol and chloroform to yield pure 1-(1-phenylcyciohexyiH-hydrox- 

40 ypiperidine. 

Example IX 

4-(1-(l -phenylcyclohexyl))piperidinyl chloroformate 

45 ~ : 

1-(1-phenylcyclohexyl)-4-hydroxy piperidine (0.261 mg) was suspended in 5 mL dry benzene and 2 mL 
10% phosgene in benzene was added. After stirring, and then stoppering for 3 hours at room temperature, 
1 mL of chloroform was added. After 30 minutes, the solvent was removed in vacuo. Carbon tetrachloride 
(dry) (imL) was added and removed in vacuo to yield 4-(1-(1 -phenyl cyclohexyijjpiperidinyl chloroformate 
50 as a white solid. 

Example X 

4-(5-fluor sceinylcarbamoyl)-l-(phenylcyclohexyl) pip ridine 



4-(l-(l-phenylcyclohexyl))piperidinyl chloroformate (10 mg) and 5-aminofiuorescein (10 mg) were dis- 
solved in 2 mL dry pyridin and stirred at room temperature for about 18 hours. The reaction was 
chromatographed on silica gel preparative plates eluted with the appropriate ratio of methanol, chloroform 
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and acetic acid to yield the desired tracer. 

Example XI 

5 1 -(1 -pheny lcyclohexyl)-4-piperidone 

H1-phenylcyclohexyl)-4-hydroxy piperidine was dissolved in 15 mL glacial acetic acid and 0.3 mL 
concentrated slufuric acid, and 1.9 mL Jones reagent (made from 26.72 g H2OO4 and 23 mL H2SO4. 
diluted to 100 mL with water) was added dropwise. After stirring at room temperature for 20 minutes, 2 mL 

10 2-propanol, Zn(Hg) (made from 1.5 g mossy Zinc and 0.2 g mercuric chloride in 20 mL water and 0.25 mL 
concentrated hydrochloric acid at room temperature for 5 minutes), sodium citrate dihydrate (3.6 g) and 35 
mL deionized water were added sequentially. After stirring the solution at room temperature for 30 minutes, 
the reaction was extracted with chloroform. The solvent was removed in vacuo. Distilled water was added 
and removed in vacuo . The residue was chromatographed on silica gefeluted with the appropriate mixture 

rs of methanol and chloroform to yield pure 1-(1-phenylcyclohexyl)-4-piperidone. 

Example XII 

4*amino-1 -(1 -pheny lcyclohexyl)piperidine 

20 '■ * 

1-(1-phenyIcyclohexyl)-4-piperidone (0.245 g) and ammonium acetate (1 g) were dissolved in 3.5 mL 
dry methanol. After stirring at room temperature for 10 minutes, sodium cyanoborohydride (0.1 g) was 
added and the reaction was stoppered. After 20 hours, 0.1 mL of concentrated hydrochloric acid was added 
followed by 10 mL water and the mixture was stirred for 1.5 hours. The solution was basified with potassium 

25 carbonate to pH 9 and extracted with methylene chloride. The methylene chloride was dried over Na 2 S04 
and removed in vacuo . The product distilled as a colorless, clear oil at 90-130* C in vacuo (about SmmHg). 



Example XIII 

so 4-(4-chloro-6-(5-fIuoresceinylamino)-1 ,3,5-triazin-2-yl) amino-1-(1-phenyicyciohexyl)p iperidine 

4-amino-1-(1-phenylcyclohexyi)piperidine (9 mg) and 5-((4,6-dichloro-1,3,5-tria2in-2-yl)amino) fluorescein 
(17 mg) were dissolved in 1 mL methanol and 0.1 ml triethylamine. After stirring at room temperature for 30 
hours, the solvent was removed in vacuo. 
35 The residue was chromatographed on silica gel preparative plates eluted with the appropriate mixture of 
methanol and chloroform to yield the tracer. 

Example XIV 

4-(4-chloro-6-(6-f luoresceiny lamino)-1 ,3,5-triazin-2-yl) amino-1 -(1 -phenylcyclohexyQpiperidine 

The same procedure was used as. in Example XIII except that 6-((4,6-dichloro-1,3,5-friazin-2-yl)amino) 
fluorescein was used instead of 5-((4,6-dichIoro-1 ,3,5-triazin-2-yl)amino)f luorescein. 

45 Example XV 

4-(f luorescein-6-ylcarbonyl)amino-1 -(1 -phenycyclohexyl) piperidine 



6-carboxyfluorescein (Calbiochem, La Jolla, CA) (14 mg), N-hydroxy succinimide (6 mg) and N,N'- 
50 dicyclohexyl-carbodiimide (14 mg) were dissolved in 0.5 mL dry pyridine and stirred at room temperature, 
and then stoppered. After 1 hour. 4-amino-1-(1-phenylcyclohexyl) piperidine (9 mg) was added followed by 
0.5 mL. dry pyridine. After 15 hours, the reaction was chromatographed on silica gel preparative plates 
eluted with the appropriate mixture of methanol, chloroform and acetic acid. 

55 Example XVI 

4-(fiuorescein-5-ylcarbonyl) amino- 1 -(1 -ph nycyclohexyl)piperidine 
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The same procedure was used as in Example XV except that 5-carboxyfluorescein (Calbiochem, supra) 
was used instead of 6-carboxyfluorescein. 

Example XVII 

N-[3-hydroxymethylpiperidino]cyclohexyl carbonitriie 
( Preparation of the Most Preferred Immunogen - Figure 23) 



A solution of 1.00 g (8.68 mmoO of 3-hydroxymethylpiperidine in a mixture of 8 mL absolute ethanol 
and 8 mL water was cooled to O'C, and acidified to pH 3-4 with concentrated hydrochloric acid. 
Subsequently, 0.83 mL (8.04 mmol) cyclohexanone and 550 mg (8.43 mmol) potassium cyanide were 
added, and the resulting mixture was tightly stoppered and stirred overnight at ambient temperature. The 
reaction mixture was concentrated on a rotovap, basified to pH 8-9 with sodium hydroxide, and extracted 3 
x 30 mL with chloroform. The extracts were dried over sodium sulfate and concentrated. Chromatography 
on a silica gel column, with 5% methanol/chloroform as eluent, produced 1.268 g of a pale yellow oil. 

1 -[N-[3-hydroxymethylpiperidino]]-1 -phenylcyclohexane 

To a solution of 563 mg (2.54 mmol) of the oil prepared in the preceding experiment in 15 mL 
tetrahydrofuran. cooled to O'C, was added 5.08 mL (3.0 M, 15.2 mmol) phenylmagnesium bromide. The 
solution was stirred for 5 minutes, and warmed to 55* C for 2.5 hours. After it was allowed to cool, it was 
stirred for 12 hours at ambient temperature. The reaction was quenched with water and ammonium chloride, 
and extracted 3 x 30 mL with ethyl acetate. The combined extracts were dried over sodium sulfate and 
concentrated. Chromatography on a silica gel column, eluting with 10% methanol/chloroform, produced 365 
mg of a clear colorless oil. 

1 -[N-(3-carboxypiperidino)]-1 -phenylcyclohexane 

To a solution of 150 mg (0.55 mmol) of the alcohol prepared in the preceding experiment in 5.5 mL 
glacial acetic acid cooled to 0* C was added a solution of 137 mg (1.38 mmol) of chromium trioxide in a 
mixture of 1.5 mL glacial acetic acid and 1.0 mL of water. The reaction was warmed to ambient temperature 
and stirred for 5 hours. Most of the acetic acid was removed by rotary evaporation, and the residue was 
diluted in water, basified to pH 7-8 with 1 M NaOH, and extracted 5 x 15 mL with chloroform. The combined 
extracts were dried over sodium sulfate and concentrated. Chromatography on silica gel, with 8% 
. methanol/chloroform as eluent, produced, in addition to some impure product, 66 mg of a clear colorless oil. 

Linkage of Hapten to Protein Carrier 

Sixty milligrams (1.05 x 10"* moles) of 1-[N-(carboxypiperidino)H -phenylcyclohexane was dissolved in 
2.0 mL of dimethylsulfoxide. To this solution was added 1.74 x 10"* moles each of N-hydroxysuccinimide 
and dicyclohexyicarbodiimide. The mixture was stirred for two hours at room temperature. The solution 
containing the active ester was then added to a rapidly stirring solution of 100 mg bovine thyroglobulin 
dissolved in 37 mL of DMSO: 0.05 N sodium phosphate (1:1) with a final pH of 8.5. The mixture was stirred 
overnight at room temperature and subsequently dialyzed against 60% DMSO for 8 hours. During the 
following dialysis, the DMSO was reduced to 25%. The final three dialysis changes were 0.05 M sodium 
phosphate buffer at pH 7.5. The resulting fluffy white precipitate was removed from the dialysis bag and 
harvested by centrifugation. The pellet containing the precipitate was resuspended in a minimum amount of 
buffer and used as the immunogen in Example XVIII. 

Example XVIII 

Preparation of Monoclonal Antibodies Against an Immunoge n having the Structure shown in Figure 23 
( Most Preferred Antibodies ) ~~ 

Six week old female BALB/c mice were immunized intraperitoneaily with 100 ug of an immunogen 
having the structure shown in Figure 23 mixed 1:1 in RIB! adjuvant (RIBI Immunochem, Hamilton, Montana) 
into two different sites in the ventral rear peritoneal cavities during weeks 1 , 5, 9 and 16. 

In order to d termine whether or not the antibodies produced by the immunized mice are specific for 
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phencyclidine and phencyclidine metabolites, a competitive binding immunoassay is run by adding free 
phencyclidine to the sample. The free phencyclidine will compete with the tracer for the binding sites on the 
antibody. If the free phencyclidine binds to the antibody, this indicates that the antibody is specific for 
phencyclidine and this will prevent the tracer from binding to the antibody. Thus, there will be fewer tracer- 
antibody complexes present in the sample, with the result that the total signal (amount of fluorescence read 
by an instrument, such as the Abbott TD X ® Analyzer) will be less. 

Serum samples were taken from the mice two weeks after each immunization and then analyzed on an 
Abbott Laboratories' TD X ® Clinical Analyzer, available from Abbott Laboratories, Abbott Park, Illinois, and on 
a Pandex Screen Machine (Baxter Healthcare Corporation, Mundelein, Illinois). After the fourth immunization 
and subsequent analysis of serum samples, four mice were chosen for use in the fusion of B-lymphocyte - 
cells with myeloma cells. Each of these mice had been found to be- producing antibodies specific for 
phencyclidine and phencyclidine metabolites based upon 50% displacement of total signal using 500 ng/mL 
of free phencyclidine in a competitive binding immunoassay with a tracer compound having the structure 
shown in Figure 14. 

Four days prior to fusing mouse B-Iymphocyte cells with myeloma cells, 250 ug of the same - 
immunogen was reinjected into one of the four responding mice in each of the two ventral peritoneal 
cavities (500 ug total). 

B-lymphocyte cells were then removed from the mouse by standard procedures. Generally, the mouse 
was sacrificed, doused with 70% EtOH, and then the spleen was ascepticaily removed with sterile 
instruments. The spleen was washed in 1MDM (Iscove's Modified Dulbecco's Medium) with 1% pen-strep 
and 1% L-glutamine and transferred to a petri dish. Using a 23 g needle on a 12 mL syringe, 20 holes were 
punctured into the spleen. Also using the syringe, the B-lymphocyte cells were flushed out of the spleen 
with two injections of 10 mL of IMDM with 1% pen-strep and 1% L-giutamine. Using a cell scraper, the 
spleen was gently pressed while the B-lymphocyte cells were continuously flushed out until the spleen 
appeared translucent The resulting B-lymphocyte cell suspension was then filtered through Nytex filters 
(Tetko, Eimsford, New York) into a 50 mL centrifuge tube. The B-lymphocyte cell suspension was then 
centrifuged for 5 minutes at 1000 rpm. After centrifugation. the supemate was aspirated off, and the B- 
lymphocyte cell suspension was resuspended in 10 mL of IMDM with 1% pen-strep and 1% L-glutamine. 
The cells were then counted using a hemocytometer to obtain the concentration of cells per mL of IMDM 
with 1% pen-strep and 1% L-glutamine. 

Myeloma cells to be used in the production of hybridomas may be obtained from the American Type 
Culture Collection, Rockville, Maryland. They must be in a healthy log phase with viability of greater than 
95%. The most desirable myelomas are those of low passage number (those obtained from a fresh stock). 
In addition, in a fusion of myeloma cells with B-lymphocyte cells, the number of myeloma cells should 
preferably be in a one to one ratio with the number of B-lymphocyte cells. 

SP2/0 myeloma cells were centrifuged for 5 minutes at 1000 rpm. After the supemate was decanted 
from the centrifuge tube, the B-lymphocyte cells described above were fused with SP2/0 myeloma cells in a 
2:1 ratio of B-lymphocyte cells to myeloma cells using the procedures described in Kohler and Milstein, 
supra, with the exception that a PEG 1450 solution, MW 1300-1600 (polyethylene glycol, American Type 
Culture Collection, Rockville, MD), rather than sendai virus, was employed to fuse the myeloma cells to the 
B-lymphocyte cells: Generally, the pellet of myeloma cells which resulted after centrifugation was resuspen- 
ded with the above-described B-lymphocyte cell suspension, and then the resulting suspension was 
centrifuged for 5 minutes at 1000 rpm. The supemate was then aspirated from the centrifuge tube, leaving a 
very dry pellet. The pellet was loosened by gently tapping the bottom of the centrifuge tube on a hard 
object and 1 mL of a PEG 1450 solution (prepared by diluting 1 mL of PEG 1450 solution with 2 mL of 
IMDM with 1% pen-strep and 1% L-glutamine) was slowly added to the loosened pellet for about 10 
seconds. The centrifuge tube was then rotated to ensure the even distribution of the PEG solution 
throughout the cell mixture for about 20 seconds. The resulting fusion mixture was then slowly resuspended 
with 10 mL IMDM with 1% pen-strep and 1% L-glutamine and then centrifuged for 5 minutes at 1000 rpm. 
The supemate was then aspirated and the resulting pellet was slowly resuspended with 10 mL of HAT 
selective IMDM [IMDM plus 1% 1-glutamine, 1% pen-strep, 1% HAT media (Gibco,- Grand Island, New 
York) and 10% fetal bovine serum (Hyclone, Logan, Utah)] and then plated out at a concentration of 3 x 10 s 
cells per well in HAT selective IMDM in 96-well tissue culture plates (Nunc, Naperville, Illinois). STM 
mitogen (RIBI Immunochem, Hamilton, Montana) was added to the initial plating media in order to promote 
hybrid survival. Hybrid coloni s which resulted w r fed with HT media [IMDM plus 1% 1-glutamine, 1% 
penn-strep, 1% HT (Gibco, Grand Island, New York) and 10% fetal bovine serum (Hyclon , Logan, Utah)] 
on days 5 and 7 post fusion. 

AH resulting colonies were analyzed on day 10 with th Pandex Screen Machine described above. 



25 



EP 0 459 387 A2 



Those hybrids which produced antibodies in which 50% of the total signal was displaced by 500 ng/mL free 
phencyciidine were cloned. 

The cloning of the hybrids was performed by limiting dilution in HT media. Generally, the following 
dilutions of hybrids were prepared using HT media: - 
5 (a) 0.1 mL cell suspension in 9.9 mL media; 

(b) 0.11 mL of (a) was added to 10.89 mL of media, resulting in a 1x10 -4 dilution of cells; 

(c) 1.1 mL of (b) was added to 9.9 mL of media, resulting in a 1x1 0~ 5 dilution of cells; and 

(d) 1.1 mL of (c) was added to 8.9 mL of media, resulting in a 1x10~ 6 dilution of cells. 

The 1x10"*, 1X10" 5 , and 1x10 -5 dilutions were then each plated out in a 96-well plate (0.1 mLywell). Each 
io plate was fed with 0.1 mLfwell HT media 5 to 7 days after cloning. The clones were screened, as described 
below, when confluent growth became apparent, approximately 10-14 days after cloning. 

A true clone is defined as a cell originating from a cloning plate which has < or = 10% growth and 
passes the screening specifications described below. 

Clone selection was based on the ability of the antibodies produced by the clones to: (1) displace the 
15 tracer . described above with 500 ng/mL of free phencyciidine (greater than 80% displacement); and (2) not 
be inhibited by the initial cross reactivity panel of 10 different compounds (greater than 50% with respect to 
each of amitriptyiine, nortriptyline, imipramine, desipramine, dextromethorphan, levallorphan, promazine, 
ketamine, orphenadrine. diphenhydramine, each of which was tested at 100 ug/mL in PBS). 

Ascites material was generated from the clones described directly above using pristane primed female 
20 BALB/c mice. This material was then purified by Protein A - Sepharose column chromatography as 
described by Ey et.al., "Isolation of Pure lgG1, lgG2a and lgG2b Immunoglobulins from Mouse Serum 
Using Protein A Sepharose, " Immunochem, 15:429-436 (1978). 

The most preferred of these hybridoma cell lines (BALB/c mouse B-lymphocyte-SP2/0 myeloma fusion 
cell lines), or clone cell lines, was designated PCP 2-101-189, was deposited on May 16, 1990, with the 
25 American Type Culture Collection (ATCC), Rockville, Maryland, USA, and was given accession number 
HB10456 by the ATCC. 

All patents and publications referred to herein are hereby incorporated by reference into this document. 

While the various aspects of the present invention have been described herein with -some particularity, 
those skilled in the art will recognize numerous modifications and variations that remain within the spirit of 
30 the invention. These modifications and variations are within the scope of the invention as described and 
claimed herein. The specific embodiments described herein are given by way of example only. 

Various features of the present invention are set forth in the following claims. 

Claims 

35 

1- A compound comprising a structure of the formula: 
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wherein: 
WisCHorN; 

R is a linking group including up to 4 heteroatoms, and having a total of from 0 to 8 carbon atoms 
55 and heteroatoms, arranged in a straight or branched chain, and containing up to on aliphatic or 
aromatic ring structure, said heteroatoms being O, N, S, P or F; 
Z is NH, CO, or CNH; 

n is 0 or 1 when W is N and n is 1 when W is CH; and 
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Q is a poly(amino acid) or a poly(amino acid) derivative. 
2. The compound of Claim 1 wherein the compound is: 




3. The compound of Claim 2 wherein the poly(amino acid) is thyroglobulin. 

4. An antibody to a compound of Claims 1 , 2 or 3. 

5. A compound comprising a structure of the formula: 




wherein: 

W is CH or N; 

R is a linking group including up to 4 heteroatoms, and having a total of from 0 to 8 carbon atoms 
and heteroatoms, arranged in a straight or branched chain, and containing up to one aliphatic or 
aromatic ring structure, said heteroatoms being 0 ( N, S, P or F; 

Z is NH, CO t or CNH; 

n is 0 or 1 when W is N and n is 1 when W is CH; and 
Q is fluorescein or a fluorescein derivative. 

i. The compound of Claim 5 wherein R is NH. 

\ The compound of Claim 5 or 6 wherein Z is CO. 

L The compound of Claim 5 wherein the compound is: 

i 
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i. A process for detecting the presence or amount of phencyclidine and/or phencyclidine metabolites in a- 
sample which comprises: 

(a) contacting the sample with antibodies according to Claim 4 and with a compound according to 
Claim 5; 

(b) passing plane polarized light through the resulting solution from step (a) to obtain a fluorescence 
polarization response; and 

(c) detecting the fluorescence polarization response of the solution of step (b) as a measure of the 
presence and amount of phencyclidine and/or phencyclidine metabolites in the sample. 

0. The process of Claim 9 which further comprises the step of adding riboflavin binding protein to the 
sample. 

1. The process of Claim 10 wherein the antibodies of Claim 4 have been generated against the compound 
of Claim 3. 

2. A kit for detecting the presence or amount of phencyclidine and/or phencyclidine metabolites in a 
sample which comprises: 

(a) antibodies according to Claim 4; and 

(b) a compound according to Claim 5. 
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FIG. 7 FIG. 8 




FIG. 9 FIG. 10 
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— NH-V N 

^ NH-Fl 

FIG. 11-1 



OR 



N= ^NH-F1 

FIG. 11-2 



ci 



—O-C N 

> NH-Fl 

FIG. 11-3 



-NH-CO-Fl 

FIG. 11-4 



-CO-NH-Fl 

FIG. 11-5 



-CNH-NH-F1 

FIG. 11-6 



-NH-C0-NH-F1 

FIG. 11-7 



-NH-CS-NH-Fl 
FIG. 11-8 



-O-CO-MH-Fl 

FIG. 11-9 



-O-CS-MH-Fl 

FIG. 11-10 
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FIG. 18 FIG. 19 
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FIGURE 20 FIGURE 21 




FIGURE 22 - FIGURE 23 
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